Synthetic studies to prepare ribonucleosides deuterated at C2 and the application of the developed procedures for the synthesis of 2 H 5 -ribonucleosides from 1,2-O-isopropylidene-3-O-benzyl-ribofuranose-3,4,5,5 -2 H 4 have been reported.
INTRODUCTION
Amongst isotope labelling techniques, site-specific deuteration has been proven to facilitate the NMR structure determination of large RNAs (1) by the "NMR-window" concept (2) in which only a small segment of the RNA is NMR-visible. The deuterium incorporation achieved into the nucleoside building blocks (>97 atom% at C2 , C3 and C5 , ∼35-50 atom% at C4 , ∼0-20 atom% at C1 ) was adequate to allow sequential assignment of up to 55nt long oligoRNAs (1c). The residual ∼50 atom% proton at C4 causes substantial resonance overlap in important nOe regions hampering the determination of the solution structure of long oligomers. This prompted us to seek for appropriate synthetic ways for a reliable high level deuterium incorporation at C4 .
We envisioned that the synthesis of 3 ,4 ,5 ,5 -2 H 4 -nucleosides (3) could be extended to 2 ,3 ,4 ,5 ,5 -2 H 5 derivatives provided a suitable method for deuterium incorporation at C2 could be found. We here report the preparation of 2 -2 H 1 -nucleoside block (4) by introducing deuterium right at the sugar level because it is problematic to introduce the 2 -2 H at the nucleoside level due to partial loss of the 3 ,5 -O-protecting group (6b) (which is commonly 1,1,3,3-tetraisopropyldisiloxane-1,3-diyl).
The scale-up of equilibration of 1 (5) (Scheme 1) to ∼22 mmol has been achieved with excellent level of isotope incorporation (>97 atom%). The procedure is easy to carry out and the deuteronucleoside precursor 3 can be obtained in only 3 steps.
The second procedure (Scheme 2), based on the oxidation and subsequent reduction of C2-OH of compound 4, afforded a mixture of D-arabinose-2 H 1 and Dribose-2 H 1 derivatives 5. Protection of the hydroxyl with 4-toluoyl group has made the separation of epimers 6 and 7 feasible. The major arabino derivative 7 has subsequently been converted to 1-O-methyl-β-D-ribofuranose-2 H 1 (3) (>97 atom%) via inversion of the configuration at C2 (6) using the displacement of the 2 -triflate leaving group in compound 9 with cesium propionate. Compound 3 has been further converted to the 1-O-acetyl-2,3,5-tri-O-(4-toluoyl)-α/β-D-ribofuranose-2 H 1 (13), which has been used in the coupling reaction with the protected persilylated nucleobases to obtain fully protected 2 -deuterated nucleosides 14a-d. The subsequent deprotection in methanolic ammonia gave the final nucleosides-2 H 1 (15a-d). Finally both methods have been used for the synthesis of 2 ,3 ,4 ,5 ,5 -2 H 5 -ribonucleosides taking the previously described 3 ,4 ,5 ,5 -2 H 4 analogue of 4 as starting material. The quality of the deuterium substitution is exemplified in Figure 1 for the appropriate cytidine derivatives. 
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